Key indicators: single-crystal X-ray study; T = 293 K; mean (C-C) = 0.003 Å; R factor = 0.035; wR factor = 0.097; data-to-parameter ratio = 15.0.
In the title compound, [Fe(C 5 H 5 )(C 32 H 23 FN 3 OS)], both the thiazolidine ring and the pyrrolidine ring adopt a twist conformation on the N-C(H) bridging bond. Their mean planes are inclined to one another by 10.05 (10) , and they make dihedral angles of 82.09 (10) and 89.67 (11) , respectively, with the cyclopentane ring. The F atom deviates by À0.0238 (2) Å from the benzene ring to which it is attached. In the crystal, molecules are linked by a pair of C-HÁ Á ÁO hydrogen bonds, forming inversion dimers.
Related literature
For the biological activity of ferrocene derivatives, see: Jaouen et al. (2004) ; Biot et al. (2004) ; Fouda et al. (2007) . For a related structure, see: Vijayakumar et al. (2012) .
Experimental
Crystal data [Fe(C 5 H 5 )(C 32 H 23 FN 3 OS)] M r = 637.53 Triclinic, P1 a = 8.7097 (2) Å b = 12.6456 (3) Å c = 13.5477 (4) Å = 83.865 (1) = 79.008 (1) = 86.776 (1) V = 1455.39 (6) Å 3 Z = 2 Mo K radiation = 0.63 mm À1 T = 293 K 0.30 Â 0.25 Â 0.20 mm
Data collection
Bruker SMART APEXII areadetector diffractometer Absorption correction: multi-scan (SADABS; Bruker, 2008) T min = 0.833, T max = 0.884 22064 measured reflections 5966 independent reflections 5126 reflections with I > 2(I) R int = 0.022 Refinement R[F 2 > 2(F 2 )] = 0.035 wR(F 2 ) = 0.097 S = 1.06 5966 reflections 397 parameters H-atom parameters constrained Á max = 0.33 e Å À3 Á min = À0.34 e Å À3 Table 1 Hydrogen-bond geometry (Å , ).
D-HÁ Á ÁA D -H HÁ Á ÁA D Á Á ÁA D -HÁ Á ÁA C25-H25Á Á ÁO1 i 0.93 2.54 3.212 (2) 129 Symmetry code: (i) Àx þ 1; Ày þ 1; Àz þ 1.
Data collection: APEX2 (Bruker, 2008) ; cell refinement: SAINT (Bruker, 2008) ; data reduction: SAINT; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication: SHELXL97 and PLATON (Spek, 2009 ).
Comment
Ferrocene attached compounds are well known to have biological activities, such as antimalarial, antifungal (Biot et al., 2004) , antitumor (Jaouen et al., 2004) , and antibacterial (Fouda et al., 2007) . Against this background, and in order to gain information on the molecular conformations and crystal packing, we report herein on the synthesis and crystal structure of the title compound.
In the title compound, Fig. 1 , both the thiazolidine ring and the pyrrolidine ring adopt a twist conformation on bond N3-C18. The thiazolidine ring (S1/N3/C18-C20) mean plane makes a dihedral angle of 10.05 (10)° with the pyrrolidine ring (N3/C15-C18) mean plane, it also makes a dihedral angle of 82.09 (10)° with the cyclopentane ring (C7-C9/C14/C15) which shows that they are almost perpendicular to each other. The pyrrolidine ring mean plane makes a dihedral angle of 89.67 (11)° with the cyclopentane ring which shows they too are almost orthogonal to each other. The fluorine atom F1 attached with the phenyl ring (C21-C26) deviates by -0.0238 (2)Å.
In the crystal, molecules are linked by a pair of C-H···O hydrogen bonds forming inversion dimers (Table 1 and Fig. 2 ).
Experimental
Ninhydrin (1 mmol) and 1, 2-phenylenediamine (1 mmol) were mixed and stirred with 10 ml of methanol for 10 min. To this mixture 1 mmol of thioproline and 1-ferrocenyl-3-(4-fluoro) phenyl prop-2-ene-1-one dipolarophile were added and the mixture was refluxed up to the end of the reaction as observed by TLC. The solvent content from the mixture was removed under reduced pressure and the crude product was obtained. Using column chromatography the crude extract was purified with a 4:1 ratio of petroleum ether and ethyl acetate. Finally, single crystals suitable for the X-ray diffraction were obtained by slow evaporation of the solvent at room temperature.
Refinement
Hydrogen atoms were placed in calculated positions with C-H ranging from 0.93 -0.98 Å and refined using the riding model approximation with U iso (H) = 1.2U eq (C).
Computing details
Data collection: APEX2 (Bruker, 2008) ; cell refinement: SAINT (Bruker, 2008) ; data reduction: SAINT (Bruker, 2008) ; program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) ; program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication: SHELXL97 (Sheldrick, 2008) and PLATON (Spek, 2009 The molecular structure of the title molecule, with atom labelling. Displacement ellipsoids are drawn at the 30% probability level.
Figure 2
The crystal packing of the title compound viewed along the a axis. The C-H···O hydrogen bonds are shown as dashed lines (see Table 1 for details; H-atoms not involved in hydrogen bonding have been omitted for clarity). 
6-Ferrocenoyl-7-(4-fluorophenyl)spiro[hexahydropyrrolo[1,2-c][1,3]thiazole-5,11′-indeno[1,2-b]quinoxaline]
where P = (F o 2 + 2F c 2 )/3 (Δ/σ) max = 0.001 Δρ max = 0.33 e Å −3 Δρ min = −0.34 e Å −3 Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Refinement. Refinement of F 2 against ALL reflections. The weighted R-factor wR and goodness of fit S are based on F 2 , conventional R-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger.
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å 2 ) (8) C7 0.0385 (9) 0.0335 (9) 0.0338 (9) 0.0008 (7) −0.0060 (7) −0.0007 (7) (12) 0.0421 (11) −0.0096 (9) −0.0082 (9) −0.0121 (9) C14 0.0364 (9) 0.0425 (10) 0.0343 (9) 0.0014 (7) −0.0073 (7) −0.0064 (8) C15 0.0368 (9) 0.0353 (9) 0.0316 (9) −0.0027 (7) −0.0046 (7) −0.0047 (7) C16 0.0341 (9) 0.0316 (8) 0.0320 (9) −0.0037 (7) −0.0065 (7) −0.0047 (7) C17 0.0384 (9) 0.0322 (8) 0.0328 (9) −0.0046 (7) −0.0040 (7) −0.0037 (7) C18 0.0396 (9) 0.0357 (9) 0.0344 (9) −0.0013 (7) −0.0034 (7) −0.0062 (7) C19 0.0440 (11) 0.0502 (11) 0.0438 (11) 0.0028 (9) −0.0001 (9) −0.0103 (9) C20 0.0477 (12) 0.0574 (12) 0.0443 (12) 0.0095 (9) −0.0073 (9) −0.0013 (10) C21 0.0388 (9) 0.0349 (9) 0.0319 (9) −0.0011 (7) −0.0021 (7) −0.0078 (7) C22 0.0546 (11) 0.0359 (9) 0.0390 (10) −0.0070 (8) −0.0077 (9) −0.0031 (8) C23 0.0526 (12) 0.0425 (10) 0.0488 (12) −0.0091 (9) −0.0085 (9) −0.0135 (9) C24 0.0493 (11) 0.0538 (11) 0.0356 (10) 0.0021 (9) −0.0114 (8) −0.0148 (9) C25 0.0542 (12) 0.0428 (10) 0.0346 (10) 0.0006 (9) −0.0071 (9) −0.0018 (8) C26
0.0447 (10) 0.0358 (9) 0.0366 (10) −0.0048 (8) −0.0031 (8) −0.0048 (7) C27 0.0351 (9) 0.0339 (9) 0.0383 (10) −0.0012 (7) −0.0113 (7) −0.0057 (7) C28 0.0397 (9) 0.0393 (9) 0.0336 (9) −0.0001 (7) −0.0112 (8) −0.0069 (7) C29 0.0433 (10) 0.0483 (11) 0.0363 (10 118.2 (2) C34-C33-H33 125.5 C11-C10-H10 120.9 C37-C33-H33 125.5 C9-C10-H10 120.9 Fe1-C33-H33 125.5 C12-C11-C10 121.0 (2) C35-C34-C33 107.6 (2) C12-C11-H11 119.5 C35-C34-Fe1 69.27 (14) C10-C11-H11 119.5 C33-C34-Fe1 70.16 (13) C11-C12-C13 121.0 (2) C35-C34-H34 126.2 C11-C12-H12 119.5 C33-C34-H34 126.2 C13-C12-H12 119.5 Fe1-C34-H34 126.2 C12-C13-C14 118.6 (2) C34-C35-C36 108.3 (2) C12-C13-H13 120.7 C34-C35-Fe1 70.97 (14) C14-C13-H13 120.7 C36-C35-Fe1 69.87 (15) C13-C14-C9 120.10 (18) C34-C35-H35 125.9 C13-C14-C15 128.08 (17 
